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Bearing Device For Wheel 

FIELD OF THE INVENTION 

The present invention relates to a bearing device for a wheel, which is 
5 used in an automotive vehicle and is preloaded. 
BACKGROUND ART 

The bearing device for the wheel is rendered to be a double row 
rolling bearing in the form of an angular contact ball bearing or a tapered roller 
bearing and is applied a preload. As a method of controlling the application of 

10 a preload in the standard double row rolling bearing of a kind used in a spindle 
motor or a disc drive device for an information processing equipment, the 
method is known in which the preload control is carried out with a revolution 
torque. (See, for example, the Japanese Laid-open Patent Publication No. 
2003-74548 published March 12, 2003.) 

15 However, since the above described preload application control 

method is a method, in which while a predetermined rotational torque is 
continuously applied to the bearing, the application of the preload is interrupted 
when the number of revolution of the bearing attains a target number of 
revolution, an equipment for the preload control tends to become bulky where it 

20 is applied to a relatively large bearing such as, for example, a bearing device for 
an automobile wheel. Also, in order to eliminate influences on the torque 
control brought about by bearing seals, the bearing seals have to be assembled 
after the preload has been applied, resulting in complication of the assembling 
work. Moreover, since there is no bearing seal during the preload being applied, 

25 there is the possibility that dusts and grits may enter in the bearing. 
DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a bearing device for a 
wheel, in which the preload control can be easily executed, a uniform amount of 
preload can be applied even though a bearing seal has been installed in the 

-<l>- 



bearing device, the bearing rigidity and rotational torque of the individual 
bearing device can be kept uniform and stabilization of the quality can be 
attained. 

The bearing device for the wheel according to the present invention is 
5 a bearing device for a wheel, including an outer member having an inner 
peripheral surface formed with a plurality of rows of rolling surfaces or raceways, 
an inner member formed with rolling surfaces opposed to the rolling surfaces of 
the outer member, and a plurality of rows of rolling elements interposed between 
the opposed rolling surfaces and is used for rotatably supporting a vehicle wheel 
' 1 0 relative to a vehicle body, in which either the outer member or the inner member 
is provided with a sensor for detecting the amount of preload in the bearing. 

According to this construction, since the sensor for detecting the 
amount of preload of the bearing is provided on either the outer member or the 
inner member, the preload can be applied to the bearing while a signal from the 
15 sensor is monitored. For this reason, even though the preload is applied in a 
condition with a sealing member mounted, variation of the amount of the preload 
is minimum and the bearing rigidity and the rotational torque of the individual 
bearing can be kept uniform and the quality is stabilized. Also, since the 
preload can be applied while the sealing member is incorporated, assemblage of 
20 the bearing can be facilitated and ingress of dusts and grits in to the bearing is 
prevented during the application of the preload. 

The sensor for detecting the amount of the preload of the bearing may 
be a piezoelectric element, a strain gauge or a magnetostrictive element. In the 
case of the piezoelectric element, the strain gauge or the magnetostrictive 
25 element, mounting onto the bearing at a low price is possible. Because of this, 
the use may be dedicated to the preload control during the application of the 
preload and it may be rendered to be disposable. 
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In the present invention, the sensor for detecting the amount of 
preload of the bearing may comprise a thin film printed directly on a member of 
one of the outer and inner members. 

When the sensor referred to above comprises the thin film formed 
5 directly on one of the outer and inner members by means of a printing technique, 
no work of mounting the sensor is required, facilitating assemblage of the 
bearing and the sensor can be provided at a low price. 

In the present invention, the inner member may include a hub axle 
and an inner race mounted on an outer periphery of the hub axle, in which the 
10 inner race is fixed on the hub axle by means of a crimped portion formed by 
crimping or staking an inboard end of the hub axle and in which the preload of 
the bearing may be applied by this crimping to form the crimped portion. 

In the case of this construction, a crimping work to form the crimped 
portion concurrently serves as a work of applying the preload. At this time, by 
15 controlling a detection signal outputted from the sensor in response to a load 
acting on the sensor, the amount of preload of the bearing can be precisely set. 

In the present invention, the bearing for the wheel is so assembled as 
to attain a predetermined preload by utilization of the signal from the sensor 
referred to above. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

In any event, the present invention will become more clearly 
understood from the following description of preferred embodiments thereof, 
when taken in conjunction with the accompanying drawings. However, the 
embodiments and the drawings are given only for the purpose of illustration and 
25 explanation, and are not to be taken as limiting the scope of the present invention 
in any way whatsoever, which scope is to be determined by the appended claims. 
In the accompanying drawings, like reference numerals are used to denote like 
parts throughout the several views, and: 
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Fig. 1 is a longitudinal sectional view of a bearing device for a wheel 
according to a first preferred embodiment of the present invention; 

Fig. 2 is a chart showing the waveform of an output voltage of a 
piezoelectric element provided in the bearing device for the wheel shown in Fig. 1 
5 as a sensor; 

Fig. 3 is a chart showing the waveform of an output voltage of a 
strain gauge provided in the bearing device for the wheel shown in Fig.l as the 
sensor; 

Fig. 4 is a longitudinal sectional view of the bearing device for the 
10 wheel according to a second preferred embodiment of the present invention; 

Fig. 5 is a longitudinal sectional view of the bearing device for the 
wheel according to a third preferred embodiment of the present invention; 

Fig. 6 is a longitudinal sectional view of the bearing device for the 
wheel according to a fourth preferred embodiment of the present invention; 
15 Fig. 7 is a longitudinal sectional view of the bearing device for the 

wheel according to a fifth preferred embodiment of the present invention; and 

Fig. 8 is a longitudinal sectional view of the bearing device for the 
wheel according to a sixth preferred embodiment of the present invention. 
BEST MODE FOR CARRYING OUT THE INVENTION 
20 A first preferred embodiment of the present invention will be 

described with particular reference to Figs. 1 to 3. This embodiment is directed 
to a third generation, inner race rotating type and is applied to a bearing device 
for the support of a driven wheel. 

As shown in Fig. 1, this bearing device for the wheel includes an 
25 outer member 1 having an inner periphery formed with double rows of rolling 
surfaces 6 and 7, an inner member 2 having rolling surfaces 8 and 9 opposed to 
the rolling surfaces 6 and 7, respectively, and double rows of rolling elements 3 
interposed between the rolling surfaces 6 and 8 and between the rolling surfaces 
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7 and 9, respectively. The outer member 1 is fitted at one end to a knuckle (not 
shown) of a vehicle body through a vehicle body installation flange 1 a. 

The inner member 2 has a wheel mounting flange 2a and the wheel 
(not shown) is fitted to this wheel mounting flange 2a through a plurality of bolts 
5 14. This bearing device for the wheel is rendered to be a double row angular 
contact ball bearing and the rolling surfaces 6 to 9 represent an arcuate sectional 
shape with their contact angles held in back-to-back relation with each other. 
The rolling elements 3 are in the form of a ball and are retained by a retainer 10 
employed for each row. At a location outside of the row of the rolling elements 

10 3 on the outboard side, an annular space delimited between the outer member 1 
and the inner member 2 are sealed by a sealing member 11. It is to be noted 
that the term "outboard" is intended to speak of an outer side of the widthwise 
direction of the vehicle body while this bearing device for the wheel is mounted 
on the automotive vehicle and the term "inboard" is intended to speak of an inner 

15 or a center side of the widthwise direction of the vehicle body. 

The outer member 1 serves as a stationary member and includes an 
outer member body 1A having the vehicle body installation flange la and an 
outer race IB mounted on an inner periphery of an inboard end of the outer 
member body 1A. The rolling surfaces 6 and 7 of each row are formed in the 

20 outer member body 1A and the outer race IB, respectively. A ring-shaped 
sensor 4 for detecting the amount of preload of the bearing acting in an axial 
direction is provided between the outer member body 1A and the outer race IB. 
The sensor 4 is in the form of a piezoelectric element, and lead-out lines 5a and 
5b are connected with electrode terminals thereof. The sensor 4 in the form of 

25 the piezoelectric element is of a type, in which when a load is applied from 
outside thereto, a voltage is generated and the voltage corresponding to the load 
can be obtained between the lead-out lines 5a and 5b as a detected preload 
amount signal. It is to be noted that for the sensor 4 referred to above, a strain 
gauge may be employed as an alternative to the piezoelectric element. 
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The inner member 2 includes a hub axle 2A having the wheel 
mounting flange 2a integral therewith and an inner race 2B and, by crimping an 
inboard end of the hub axle 2A to form a crimped portion 2b, the both are 
rendered to be combined together integrally. Of the double rows of the rolling 
5 surfaces 8 and 9, the rolling surface 8 is formed in the hub axle 2A and the other 
rolling surface 9 is formed in the inner race 2B. Since the hub axle 2A is for the 
driven wheel, it is of a shape having no center hole. 

The operation of the above described construction will be described. 
The sensor 4 in the form of the piezoelectric element is sandwiched between the 

10 outer member body 1A and the outer race IB and, as the axially acting load acts 
on the outer race IB, the load acts on the sensor 4, too. The waveform of the 
voltage generated in the sensor 4 in the form of the piezoelectric element at this 
time is shown in Fig. 2. Referring to Fig. 2, a portion of the chart on a left side 
of the center, at which the peak of the waveform appears, represents a positive 

15 component of a change of the preloaded load, while another portion of the chart 
on a right side of the center represents a discharge of the charge accumulated on 
the sensor 4 in the form of the piezoelectric element. Accordingly, the value 
obtained by integrating a hatched area shown on the left side of the peak of the 
voltage waveform corresponds to the amount of preload of the bearing. 

20 Accordingly, by controlling the integrated amount, a uniform amount of initial 
preload can be applied precisely. Also, even when the amount of preload is 
detected while the sealing member 1 1 has already been incorporated, the 
presence of the sealing member 11 does not adversely affect the detection 
precision and, therefore, not only can the assemblage be simplified, but also 

25 ingress of the dusts and grits into the bearing is prevented during the application 
of the preload. 

Fig. 3 illustrates the voltage waveform obtained when a strain gauge 
is used for the sensor 4 and the load acts on such strain gauge. Fig. 3 makes it 
clear that as the load acting on the sensor 4 in the form of the strain gauge 
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increase, the voltage generated by the sensor 4 change stepwise. In view of this, 
in such case, by controlling a potential difference of the stepwise changing 
voltage generated by the sensor 4, the amount of preload of the bearing can be 
precisely set. 

5 Fig. 4 illustrates a second preferred embodiment of the present 

invention. This embodiment is such that in the first embodiment shown in Fig. 
1 , the outer member 1 is rendered to be an independent member and the sensor 4 
is provided in the inner member 2. The inner member 2 is, as is the case with 
that in the first embodiment, made up of the hub axle 2 A, and the inner race 2B. 

10 The ring-shaped sensor 4 in the form of, for example, the piezoelectric element, 
is disposed between the crimped portion 2b, formed in the inboard end of the hub 
axle 2 A, and an end face of the inner race 2B opposed to the crimped portion 2b. 
By crimping to form the crimped portion 2b, the inner race 2B and the sensor 4 
are axially positioned and fixed to the hub axle 2A with the sensor 4 sandwiched 

15 between the inner race 2B and the crimped portion 2b. Other structural features 
are similar to those in the first embodiment. 

In the case of this construction, since the crimping work to apply the 
preload to the bearing is accompanied by change in output voltage of the sensor 4 
in the form of the piezoelectric element, the amount of preload of the bearing can 

20 be precisely set by controlling this output voltage. Also, since the crimping 
work to form the crimped portion 2b concurrently serves as the work to apply the 
preload, no extra work other than the assemblage of the bearing is required solely 
for the application of preload, resulting in simplification of the work. Even in 
the case where the strain gauge is used for the sensor 4, the amount of preload 

25 can be precisely set in a manner similar to that described above. 

Fig. 5 illustrates a third preferred embodiment of the present 
invention. This embodiment is such that in the second embodiment shown in 
Fig. 4, a spacer 12 is interposed between the sensor 4 and the crimped portion 2b 
of the hub axle 2A. In other words, the inner race 2B, the sensor 4, the spacer 
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12 and the crimped portion 2b are sequentially arranged in this order from the 
inner race 2B to the crimped portion 2b. Other structural features are similar to 
those in the second embodiment shown in Fig. 4. 

Thus, intervention of the spacer 12 is effective to allow a uniform 
5 load to be applied to the sensor 4 in the form of the piezoelectric element during 
the application of preload, facilitating an further accurate preload control. 

Figs. 6 and 7 illustrates fourth and fifth preferred embodiments of the 
present invention. The fourth embodiment shown in Fig. 6 is such that in the 
first embodiment shown in Fig. 1, in place of the use of the sensor 4 and the outer 

10 member 1, which are separate from each other, there is shown an example, in 
which the sensor 4 is comprised of a thin film printed directly on the outer race 
IB or the outer member body 1A by means of a printing technique. This thin 
film is, for example, a strain gauge having printed wirings. The fifth 
embodiment shown in Fig. 7 is such that in the third embodiment shown in Fig. 5, 

15 in place of the use of the separate sensor 4, there is shown an example, in which 
the sensor 4 is comprised of a thin film printed directly on the inner race 2B or 
the spacer 12 by means of a printing technique. 

If the sensor 4 is comprised of the thin film formed directly on the 
outer member 1 or the inner member 2 by means of the printing technique such 

20 as in those embodiments, no work of fitting the sensor 4 is required, assemblage 
of the bearing can be facilitated and the sensor can be provided at a low price. 

Although in any one of the foregoing embodiments the examples 
have been described, in which as the sensor 4 for detecting the amount of preload 
the piezoelectric element or the strain gauge is employed, any other element may 

25 be employed, provided that it can detect the load. By way of example, a 
magnetostrictive element may be employed as the sensor 4. This example is 
shown in the sixth embodiment of Fig. 8. In this example, the sensor 4 is in the 
form of a ring-shaped detector 4b made up of a ring-shaped magnetostrictive 
material 4a, a yoke 4ba and a coil 4bb, with the magnetostrictive material 4a 

-<8>- 



interposed between the inner race 2B and the crimped portion 2b. The detector 
4b is fitted to one end of the inner race 2B. If during the crimping, the 
magnetostrictive material 4a, of which magnetic permeability changes with the 
preload, is taken as a target and detection is then made with the detector 4b 
5 having the coil 4bb referred to above, the preload can be controlled. 

Also, in any one of the foregoing embodiments, the shape of the 
sensor 4 may not be limited to a plate shape or a thin film shape, but may be, for 
example, a pipe-like shape. Also, the sensor 4 may not be limited to the ring 
shape, but may be of a type locally provided at, for example, a plurality of 

10 locations in a circumferential direction. 

Also, although any one of the foregoing embodiments has been 
described as applied to the bearing device of the third generation type, the 
present invention can be equally applied regardless of the particular generation 
type. By way of example, in the embodiment shown in Fig. 1, it may be 

15 rendered to be a bearing device for a wheel of a second generation type, in which 
a plurality of inner races (not shown) are provided on the hub axle 2A. 
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